Effects of X-irradiation on membranes of tumor cells by Fonck, Kees
  
 University of Groningen
Effects of X-irradiation on membranes of tumor cells
Fonck, Kees
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
1982
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Fonck, K. (1982). Effects of X-irradiation on membranes of tumor cells. Groningen: s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 12-11-2019
SUffi,14PY
The ain of the investigation was to gain more insight into the effect of
rn iz ing  rad ia t ion  on  b ionembranes,  espec ia l l y  the  mernbrane phospho l ip ids .  A
rnera l  ou t l ine  o f  the  exper inenta l  approach is  g iven  in  the  f i rs t  chapter .
re  in f luence o f  menbrane-ac t ive  agents  and hyper thern ia  on  ce11 surv iva l
: te r  i r rad ia t ion  was s tud ied .  Phospho l ip id  tu rnover  was fo l lowed by  neasur ing
re incorporation of radioactive precursors.
The second chapter is an introduction to general radiobiology and to
Lospho l ip id  ne tabo l isn .  A f te r  the  presenta t ion  o f  some phys ico-chen ica l
:oper t ies  o f  ion iz ing  rad ia t ion ,  the  e f fec ts  on  ce11s  and ce l lu la r  components
:e  descr ibed.  Par t i cu la r ly  the  nuc le ic  ac ids  a re  d iscussed,  because o f  the i r
lportance for proper ce11 functioning. Radiat ion effects on biomembranes are
.scussed nore  ex tens ive ly ,  w i th  spec ia l  re fe rence to  var ious  membrane
'oper t i -es ,  such as  an  inc rease o f  perneab i l i t y  fo r  sna l1  ions ,  a l te ra t ions  in
rrface charge and changes in receptor. functions, menbrane potential and
: t i v i t ies  o f  membrane-bound enzymes.  A lso  rad ia t ion  e f fec ts  on  the  metabo l ic
'opert ies of DNA-rnembrane complexes, the importance of nernbrane f luidity and
re  process  o f  rad ia t ion- induced l ip id  perox ida t ion  are  d iscussed.  Changes in
.p id  ne tabo l ism o f  an ima l  t i ssues  a f te r  who le-body  i r rad ia t ion  are  d iscussed
r  the  bas is  o f  da ta  in  the  l i te ra tu re .  Accumula t ion  o f  l ip id  in  l i ve r  and
)ne nar row takes  p lace  severa l  days  a f te r  i r rad ia t ion .  Th is  l ip id  accurnu la t ion
r  par t l y  due to  nob i l i za t ion  o f  l ip id  p recursors ,  fo r  ins tance f rom ad ipose
.ssue to  o ther  par ts  o f  the  body ,  such as  l i ver .  There  is  a lso  a  s ign i f i can t
rc rease in  hepat ic  t r ig lycer ide  syn thes is .  In  bone mar row the  in te rpre ta t ion
: the results is hanpered by the occurrence of radiat ion-induced changes in
r 1 1  p o p u l a t i o n .
In  chapters  3  to  6  the  exper inenta l  par t  i s  descr ibed.  Chapter  3  s ta r ts
. th  the  de tern ina t ion  o f  the  ce l lu la r  surv iva l  o f  L5178Y lymphona ce l1s  a f te r
. i r rad ia t ion .  The ce l l -surv iva l  charac ter i -s t i cs  a re  as  fo1 lows.  The rad io -
:ns i t i ve  S- l ine  has  a  De =  0 .98  Gy under  ox ic  cond i t ions  and Do =  2 .27  Gy
tder hypoxic condit ions. No shoulders in the survival curves were found
)q  =  O) .  The Do va lues  fo r  the  R- l ine  under  ox ic  and hypox ic  cond i t ions  are
,  
=  2 .29  Gy and Do =  4 .97  Gy respec t ive ly ,  The 0ERs fo r  bo th  nu tan ts  have a
.ni1ar value of approxinately 2.3. I , t lhen the S-l ine cel ls were grown in
-tamin-E-enriched nediun, shoulders appeared in the survival curves after
1 3 1
i rradiat ion of the ce11s under oxic and hypoxic condit ions. I t  was suggested
that vi tanin E enhanced the repair capacity of the cel ls by stabi l izlng the
ce1lu1ar mernbranes, especial ly the nuclear nenbrane. After destabi l izing the
menbranes with procaine in cornbinati-on r^rith a hyperthermi.c pretreatnent at
41oC, the ce1ls were nore sensit ive to radiat ion. These experiments provide
indirect evidence for nenbrane involvement i .n radiat ion-induced ce11 death.
In chapter 4 the l ipid cornposit ion of lymphosarcoma cel1 nuclei is
presented. The nost prorninent neutral l ipids are cholesterol and cholesterol-
esters, while phosphatidylchoJ.ine i .s the nain phospholipid (62% of the tótal
PL). The major saturated fatty acid in the phospholipids of the nuclei is
pa lmi ta te  (16 :0) ,  wh ich  nakes  up  23% of  the  to ta l .  Arach idon ic  ac id  (20 :4)  i s
the most abundant polyunsaturated fatty acid and represents 11% of the total
fatty acids. These fatty acids have been used as radioactive precursors for
phospholipid synthesis in the experinents reported in the next chapters. In
chapter 4 i t  is also shown that the fatty acid composit ion in the phospholipi
of the lymphosarcoma nuclei can easi ly be manipulated by changing the standar
d ie t  o f  the  mice  to  a  v i tamin-E-def ic ien t  d ie t  based on  cod l i ver  o i l .  The
anount  o f  o lea te  (18 :1)  was  inc reased,  wh i le  a  decrease was found in  l inoLe ió
ac id  (18 :2) ,  a rach idon ic  ac id  (20 t4)  and docosahexaeno ic  ac íd  (22 :6) .
In chapter 5 studies on the effect of X-irradiat ion on the incorporation
of palmitate and arachidonate into the phospholipids of lynphosarcoma cel ls
are described. Tracer anounts of radioactive palnitate or arachidonate were
injected intraperitoneally into lyrnphosarcona-bearing mice, Incorporation of
label into the l ipi .ds of the tunorous spleen cel ls was monitored in control
animals and in nice that were whoLe-body irradiated after the inject ion of
the label. In both groups of aninaLs the label was detected in the blood
within minutes after inject ion and was found to be eff iciently incorporated
into the phospholipids of the tunor celLs. In the irradiated aninaLs a marked
transient increase in labe1 incorporation was observed as conpared to control
animals. The radiat ion effect was observed in the l ipids of the total
homogenate, puri f i ,ed nuclei,  the mitochondrial- lysosonal fract ion and in the
microsomal fract ion. Most experiments were performed with nuclei,  because of
their high radiosensit ivi ty. The levels of labe1 incorporation for palmitate
and arachidonate were increased to the saÍle extent and found to be dose
dependent. After a dose of 5 Gy the increased 1abel incorporation started
irunediately after irradiat ion and Lasted for a period of about 50 minutes.
The increase of 1abel incorporation into the phospholipids was preceded
132
f  an increase of the concentrat ion of fatty acids in the cytosol of the
umors. Our experirnents indicate the occurrence of a transient increase in
lasna perneab i l i t y  fo r  fa t ty  ac ids  as  a  resu l t  o f  i r rad ia t ion .  I t  i s
uggested that under nornal physiological condit ions fatty acid uptake through
he plasna mernbrane is the rate-l imit ing step in phospholipid turnover at the
eve l  o f  acy l  g roup rep lacement .
Chapter  6  descr ibes  exper iments  in  wh ich  lynphosarcoma ce11s iso la ted
rom the spleens of tumor-bearing mice were used to study the effect of a low
ose o f  X- rays  (5  Gy)  on  the  incorpora t ion  o f  [ "H]pa lmi ta te  and
1 A
' -C ]arach idonate  in to  the  l ip ids  o f  the  tumor  ce l l s .  These fa t ty  ac ids  were
ap id ly  incorpora ted  espec ia l l y  in to  the  phospho l ip ids  o f  the  ce11s .
r rad ia t ion  caused a  smal l  bu t  s ign i f i can t  inc rease in  the  ra te  o f
ncorpora t ion  o f  bo th  fa t ty  ac ids .  Concon i tan t ly ,  a  s ign i f i can t ly  inc reased
mount of fatty acid was renoved frorn the nediun by the cel ls as a result of
he  i r rad ia t ion ,  and the  spec i f i -c  rad ioac t iv i t y  o f  the  f ree  fa t ty  ac ids  in
he ce11s was found to be enhanced. The radiat ion effect on the tunor cel ls
cu ld  be  n imicked by  a  hypoton ic  t rea tnent ,  The magn i tude o f  the  rad ia t ion-
nduced st irnulat ion of the fatty acid incorporation was sirni lar to that of the
f fec t  induced by  hypoton ic  shock ,  Ce l1s  wh ich  had rece ived a  hypoton ic
rea tment  be fore  the  i r rad ia t ion ,  d id  no t  show an add i t iona l  rad ia t ion- induced
rhancement of fatty acid incorporation into the cel lu1ar l ipids. When the
- .11s  were  incubated  w i th  serurn  a lbun in  loaded w i th  a  re la t i ve ly  la rge  (non-
rys io log ica l )  amount  o f  complexed fa t ty  ac ids  ( fa t ty  ac id :a lbumin  no la r  ra t io ,
=  3 ,7 ) ,  no  rad ia t ion  e f fec t  on  the  fa t ty  ac id  incorpora t ion  cou ld  be
3tec ted .  I t  i s  conc luded tha t  hypoton ic  t rea tnent ,  i r rad ia t ion  and increased
rpply of exogenous fatty acids al l  lead to an enhanced f lux of fatty acids
: r to  the  ce l l s ,  These resu l ts  conf i rn  our  p rev ious  suggest ion ,  made in  chapter
, that the uptake of fatty acids through the plasnra menbrane is the rate-
in i t ing  s tep  in  the  fa t ty  ac id  incorpora t ion  in to  the  phospho l ip ids .  Ion iz ing
rdiat ion is one of the means to enhance fatty acid uptake through the plasma
:nbrane leading to an increased incorporation into the phospholipids.
Chapter  7  conta ins  a  genera l  d iscuss ion  on  the  exper inenta l  resu l ts .
